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EXECUTIVE SUMMARY  359 

The U.S. Environmental Protection Agency (EPA or the Agency) is currently conducting risk 360 

evaluations for five phthalates designated as high-priority substances under the Toxic Substances 361 

Control Act (TSCA)ðdi-ethylhexyl phthalate (DEHP), butyl benzyl phthalate (BBP), dibutyl phthalate 362 

(DBP), di-isobutyl phthalate (DIBP), and dicyclohexyl phthalate (DCHP)ðas well as two phthalates 363 

subject to manufacturer-requested risk evaluation: di-isononyl phthalate (DINP) and di-isodecyl 364 

phthalate (DIDP). 365 

 366 

Phthalates are a group of ubiquitous environmental chemicals that are used in many industrial and 367 

consumer products, including cosmetics, building and construction materials, and polyvinyl chloride 368 

products, to make plastics more flexible and durable. Some phthalates are used in food contact materials 369 

and have been measured in food. Studies investigating human exposure to phthalates have demonstrated 370 

widespread exposure to some phthalates and that humans may become co-exposed to multiple phthalates 371 

at the same time. Further, some phthalates have been shown to cause common adverse effects on the 372 

developing male reproductive system, sometimes referred to as ñphthalate syndrome.ò Because humans 373 

are co-exposed to some phthalates and because some phthalates can cause common adverse effects on 374 

the developing male reproductive system, EPA believes that the best approach to assess risk to human 375 

health may be to look at the combined risk to health from exposure to multiple phthalates. 376 

 377 

As one of the first steps in the risk evaluation process, EPA published the final scope documents for the 378 

seven phthalates between 2020 and 2021. During the public comment periods for the draft scope 379 

documents, EPA received comments from multiple stakeholders urging the Agency to assess phthalates 380 

for cumulative risk to human health because humans are co-exposed to multiple phthalates and because 381 

some phthalates can cause common adverse effects. The next step in the risk evaluation process is to 382 

conduct individual risk evaluations for DEHP, BBP, DBP, DIBP, DCHP, DINP, and DIDP, which will 383 

characterize risk from their conditions of use (COUs). EPAôs Office of Pollution Prevention and Toxics 384 

(OPPT) has not yet conducted a cumulative risk assessment (CRA) under TSCA, as it is still developing 385 

the methods and approaches for conducting CRA under TSCA. Moreover, the results of the individual 386 

phthalate risk evaluations are important inputs into the CRA and the development of individual risk 387 

evaluations is still ongoing.  388 

 389 

This draft document provides a description of a proposed approach to conduct a CRA on the phthalates, 390 

but is not itself a CRA as no risk estimates are presented nor has any work on risk evaluation been 391 

completed. This draft document, along with the Draft Proposed Principles of Cumulative Risk 392 

Assessment under the Toxic Substances Control Act (hereafter referred to as Draft Proposed Principles 393 

of CRA under TSCA), will be released for public comments and reviewed by the Science Advisory 394 

Committee on Chemicals (SACC) in 2023. EPA will then use the peer review and public input to guide 395 

the development of the CRA for phthalates. Although EPA is required to draft individual risk 396 

determinations for each individual phthalate risk evaluation, the phthalate CRA will not contain a risk 397 

determination. Instead, results from the CRA are anticipated to inform EPAôs individual phthalate risk 398 

determinations, pending completion of the CRA in parallel with individual phthalate risk evaluations. 399 

 400 

TSCA does not expressly require EPA to conduct CRAs. However, TSCA does require that EPA, when 401 

conducting TSCA risk evaluations in 3 to 3.5 years [15 U.S.C. § 2605(b)(4)(G)], consider the reasonably 402 

available information, consistent with the best available science, and make decisions based on the 403 

weight of scientific evidence [15 U.S.C. § 2625(h), (i), (k)]. EPA is also required to conduct the risk 404 

evaluations in consideration of potentially exposed or susceptible subpopulations (PESS) [15 U.S.C. § 405 

2605(b)(4)] and, among other requirements at 15 U.S.C. Ä 2605(b)(4)(F), ñintegrate and assess available 406 

information on hazards and exposures for the conditions of use of the chemical substance, including 407 
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information that is relevant to specific risks of injury...ò EPA recognizes that for some chemical 408 

substances undergoing risk evaluation, the best available science may indicate that the development of a 409 

CRA is appropriate to ensure that any risks to human health are adequately characterized. To support 410 

CRA of chemical substances under TSCA, and as noted above, EPA has developed the Draft Proposed 411 

Principles of CRA under TSCA, which describes the proposed principles of CRA as potentially 412 

conducted in support of TSCA risk evaluations and relies heavily on long-standing EPA practice and 413 

guidance documents for mixtures risk assessment. The draft principles document lays the foundation for 414 

EPAôs proposed approach for CRA of chemical substances undergoing risk evaluation under TSCA 415 

section 6(b). 416 

 417 

EPA has conducted a preliminary review of 418 

stakeholder comments received during the phthalate 419 

scoping process, previous phthalate CRAs 420 

conducted by other regulatory agencies (ECCC/HC, 421 

2020; EFSA, 2019; NICNAS, 2015a, 2014a, b; U.S. 422 

CPSC, 2014; NICNAS, 2013, 2012; ECHA, 2011), 423 

and recommendations of the National Research 424 

Council (NRC) (2008). Based in part on this 425 

information, EPA believes that the best available 426 

science indicates that several phthalates undergoing 427 

risk evaluation should be assessed for cumulative 428 

risk to human health. This draft document describes 429 

EPAôs proposed approach for assessing these high-430 

priority and manufacturer-requested phthalates for 431 

cumulative risk to human health under TSCA. Text 432 

Box ES-1 provides a high-level summary of EPAôs 433 

proposed approach for CRA. 434 

 435 

Individual phthalate risk evaluations are required to 436 

consider exposures from the COUs of a single 437 

phthalate and will include evaluation of all observed 438 

hazards, consideration of all age groups and 439 

lifestages, and assessment of aggregate exposures. In 440 

contrast, the scope and purpose of CRAs are more 441 

focused on the shared toxicological properties and 442 

relevant lifestages. In addition, cumulative exposure 443 

assessment is more complicated due to combining 444 

exposures across multiple phthalates. 445 

 446 

EPA has developed a conceptual model to outline its 447 

proposed approach for estimating cumulative risk to 448 

phthalates within the cumulative chemical group. EPAôs draft conceptual model, which is shown in 449 

Figure 2-1 and described in Section 2, outlines 10 proposed steps for conducting a phthalate CRA under 450 

TSCA. A brief description and summary of the outcome of each step follows: 451 

 452 

Step 1 in EPAôs draft  conceptual model is to determine which high-priority and manufacturer -453 

requested phthalates to include in the cumulative chemical group. As described in EPAôs Draft 454 

Proposed Principles of CRA under TSCA document (and in Section 3 of this document), chemicals 455 

included in a cumulative chemical group should be toxicologically similar and there should be evidence 456 

Text Box ES-1. Summary of EPAôs Proposed 

Approach for CRA of High -Priority and 

Manufacturer -Requested Phthalates 

 

EPA proposes to: 

- Group DEHP, BBP, DBP, DIBP, DCHP and 

DINP, but not DIDP, for CRA under TSCA. 

- Address phthalate syndrome by focusing on the 

most sensitive effect (versus addressing the 

syndrome as a whole). 

- Assess DEHP, BBP, DBP, DIBP, DCHP and 

DINP for cumulative risk to human health 

under an assumption of dose addition. 

- Use a relative potency factor approach for the 

phthalate CRA conducted in support of TSCA. 

- Focus its CRA efforts on PESS susceptible to 

phthalate syndrome (i.e., pregnant women, 

women of reproductive age, male infants, male 

toddlers, male children). 

- Consider exposures from TSCA COUs, as well 

as non-attributable and non-TSCA exposures. 

- Use a scenario-building approach to estimate 

cumulative exposure for susceptible 

populations who may also be workers, 

consumers, and members of the general 

population (e.g., fenceline communities).  

- Use biomonitoring data when available to 

support exposure assessment. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10228626
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10228626
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6548141
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3664467
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7266361
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7266362
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2439960
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2439960
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of co-exposure to the chemicals over a relevant timeframe (e.g., exposed to multiple phthalates during a 457 

known sensitive lifestage). 458 

 459 

To determine which high-priority and manufacturer-requested phthalates are toxicologically similar, 460 

EPA reviewed data for seven key outcomes associated with phthalate syndrome; that is, decreased fetal 461 

testicular gene expression and testosterone production, decreased male pup anogenital distance, 462 

nipple/areolae retention in male pups, hypospadias, seminiferous tubule atrophy, and multinucleated 463 

gonocyte formation (Sections 3.1.3.1 to 3.1.3.7). These key outcomes were selected based on EPAôs 464 

current understanding of phthalate syndrome and its underlying mode of action. Notably, many of the 465 

key outcomes have also been selected as the critical effect (or co-critical effect) in previous phthalate 466 

CRAs (Table 3-1). Based on the weight of evidence, EPA proposes that DEHP, BBP, DBP, DIBP, 467 

DCHP, and DINP, but not DIDP, are toxicologically similar and induce effects on the developing male 468 

reproductive system consistent with phthalate syndrome (Section 3.1.7). Of note, the TSCA Work Plan 469 

includes one additional phthalate (i.e., di-n-octyl phthalate) that is not currently prioritized for risk 470 

evaluation. However, Environment Canada/Health Canada (EC/HC, 2015e) concluded that di-n-octyl 471 

phthalate does not induce effects on the developing male reproductive system consistent with phthalate 472 

syndrome (EC/HC, 2015e). Di-n-octyl phthalate is not discussed further in this document. 473 

 474 

When considering phthalates for grouping, EPA also considered how to address phthalate syndrome, 475 

which is currently identified as the common adverse effect, as part of a CRA. EPA is proposing to focus 476 

on the most sensitive effect(s) (as opposed to assessing the syndrome as a whole) (Section 4.1). As 477 

described in Section 4.2, empirical evidence from in vivo phthalate mixture studies indicate that 478 

phthalates induce effects on the developing male reproductive system in a manner consistent with dose 479 

addition. Therefore, EPA is proposing to assess DEHP, BBP, DBP, DIBP, DCHP, and DINP for 480 

cumulative risk to human health under an assumption of dose addition, which is consistent with the 481 

recommendations of the NRC (2008). EPA is considering the applicability of two component-based, 482 

dose additive approaches, including the hazard index (HI) and relative potency factor (RPF) approaches. 483 

EPA considers there to be sufficient data available to support RPF derivation for DEHP, BBP, DBP, 484 

DIBP, DCHP, and DINP (Section 4.3.3) and is proposing to use an RPF approach to assess these 485 

phthalates for cumulative risk. EPA has identified six potential options that are being considered for 486 

deriving RPFs for phthalates, which are described in Section 4.4.2. 487 

 488 

To determine if the U.S. population is co-exposed to multiple high-priority and manufacturer-requested 489 

phthalates, EPA conducted a high-level review of National Health and Nutrition Evaluation Surveys 490 

(NHANES) urinary biomonitoring data (Section 3.2). Available NHANES data demonstrate that the 491 

U.S. population is co-exposed to multiple phthalates, including DEHP, BBP, DBP, DIBP, DINP, and 492 

DIDP. Recent NHANES data are not available for DCHP. However, DCHP has been identified to be 493 

used in various industrial, commercial, and consumer uses covered under TSCA. Based on exposure to 494 

DCHP through identified TSCA uses, EPA anticipates there will be co-exposure to DCHP and other 495 

high-priority and manufacturer-requested phthalates for certain populations and exposure scenarios 496 

(Section 3.2). These data qualitatively demonstrate that humans are co-exposed to DEHP, BBP, DBP, 497 

DIBP, DCHP, DINP, and DIDP. EPAôs proposed approach for quantifying phthalate co-exposure is 498 

outlined in Section 6. 499 

 500 

Because the weight of evidence indicates that DEHP, BBP, DBP, DIBP, DCHP and DINP (but not 501 

DIDP) are toxicologically similar and that the U.S. population is co-exposed to these phthalates over a 502 

relevant timeframe, EPA is proposing to group these phthalates for CRA under TSCA. 503 

 504 

https://www.epa.gov/sites/default/files/2015-01/documents/tsca_work_plan_chemicals_2014_update-final.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7264199
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7264199
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=635834
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Step 2 in EPAôs draft conceptual model (Figure 2-1) is to identify populations with potentially 505 

increased susceptibility to phthalate syndrome. As part of the individual phthlate risk evaluations, 506 

EPA will conduct consumer, occupational, and general population exposure assessments. Within these 507 

populations, potentially exposed or susceptible subpopulations (PESS) with greater susceptibility to the 508 

developmental and reproductive effects associated with phthalate syndrome, include pregnant women, 509 

women of reproductive age, male infants, male toddlers, and male children. These PESS are proposed to 510 

be the focus of EPAôs approach for CRA of DEHP, BBP, DBP, DIBP, DCHP and DINP (Section 5). 511 

 512 

Step 3 in EPAôs draft conceptual model (Figure 2-1) is to identify TSCA COUs1 and other 513 

potential sources of exposure. Sources of exposure including TSCA COUs, non-attributable, and non-514 

TSCA sources relevant to cumulative exposure and release will be identified using conceptual models in 515 

individual phthalate scopes and literature reviews. 516 

 517 

Step 4 in EPAôs draft conceptual model (Figure 2-1) is exposure scenario-building for individual 518 

phthalates for TSCA COUs. For identified TSCA COUs and populations, specific routes of exposure 519 

and pathways for each exposure source are identified. Prior to the development of the phthalate CRA, 520 

exposure scenarios for individual TSCA COUs and estimates of exposure will be completed in the 521 

individual risk evaluations. Determination of co-exposure to multiple TSCA COUs or multiple 522 

phthalates in a single TSCA COU will be completed in Step 7 of the conceptual model for consumers 523 

(Section 6.4.1), workers (6.4.2), and the general population (Section 6.4.3). 524 

 525 

Step 5 in EPAôs draft conceptual model (Figure 2-1) is to build exposure scenarios of individual 526 

phthalates for non-attributable and non-TSCA sources. EPA is proposing to include both non-527 

attributable and non-TSCA exposures as part of the phthalate CRA because certain non-TSCA (e.g., 528 

dietary) and non-attributable (e.g., household dust) exposure pathways are anticipated to be major 529 

contributors to phthalate exposure leading to cumulative risk (discussed further in Section 6.2.2). The 530 

Agency is considering two approaches for estimating non-attributable and non-TSCA phthalate 531 

exposure, including a scenario-based approach (Section 6.3.2.1) and a reverse dosimetry-based approach 532 

(Section 6.3.2.2). Because the reverse dosimetry approach, using biomonitoring data such as NHANES, 533 

does not distinguish between routes or pathways of exposure and does not allow for source 534 

apportionment, it provides an estimate of total non-attributable phthalate exposure. NHANES data may 535 

reflect exposure from TSCA, non-attributable, and other non-TSCA sources, but exposures from TSCA 536 

COUs cannot necessarily be source apportioned. As described in Section 6.3.2.5, EPA is proposing to 537 

estimate non-attributable and non-TSCA exposures for DEHP, BBP, DBP, DIBP, DCHP, and DINP 538 

from major exposure pathways using a scenario-based approach. The reverse dosimetry approach, which 539 

does not allow for source apportionment, may be used to help characterize phthalate exposure and serve 540 

as a comparator for scenario-based intake estimates (i.e., help contextualize whether scenario-based 541 

estimates are an over- or underestimation of total exposure). 542 

 543 

Steps 6 and 7 in EPAôs draft conceptual model (Figure 2-1) are to identify major pathways of 544 

exposure (Step 6) and determine the likelihood of phthalate co-exposure (Step 7). As shown in 545 

EPAôs draft conceptual model (Figure 2-1), EPA is proposing to assess PESS who are consumers 546 

(Section 6.4.1), workers (Section 6.4.2), and fenceline communities as part of the general population 547 

 
1 Condition of use (COU) (15 U.S.C. § 2602(4)): ñmeans the circumstances, as determined by the Administrator, under which 

a chemical substance is intended, known, or reasonably foreseen to be manufactured, processed, distributed in commerce, 

used, or disposed of.ò 

http://uscode.house.gov/view.xhtml?path=/prelim@title15/chapter53&edition=prelim
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(Section 6.4.3) for cumulative risk from exposure to DEHP, BBP, DBP, DIBP, DCHP, and DINP 548 

through TSCA COUs. EPA proposes to identify major pathways of exposure and likelihood of co-549 

exposure to these phthalates through various pathways for combining to estimate cumulative exposure to 550 

identified PESS (Steps 6 to 7 in conceptual model).  551 

¶ Major pathways of exposure for individual phthalates are combined to estimate aggregate 552 

exposure and can be considered exposures attributable to TSCA COUs, non-attributable, or non-553 

TSCA. 554 

¶ To estimate cumulative exposure to consumers (Section 6.4.1), EPA proposes to combine the 555 

non-attributable and non-TSCA exposures across phthalates with exposure from individual 556 

consumer COUs, as reasonable. Determining reasonable cumulative exposure scenarios may 557 

involve considering the likelihood of co-exposure, the possibility of double counting, and of 558 

over- or under-estimating exposures. 559 

¶ To estimate cumulative exposure to workers (Section 6.4.2), EPA proposes to combine the non-560 

attributable and non-TSCA exposure with cumulative occupational exposure from TSCA COUs 561 

in a work setting, as reasonable.  562 

¶ For cumulative exposure to the general populations, specifically fenceline communities (Section 563 

6.4.3), EPA proposes estimating cumulative exposures from single or multiple facility releases to 564 

ambient air and/or water and combining with non-attributable and non-TSCA exposure, as 565 

reasonable.  566 

¶ EPA recognizes that some individuals may be part of multiple populations and may require 567 

additional combinations of exposures. For example, combining occupational exposures with 568 

consumer exposures and fenceline exposures for workers who use consumer products at home 569 

and who live near the fenceline of a facility with phthalate releases.  570 

Steps 8 to 10 in EPAôs draft conceptual model (Figure 2-1) are to convert individual phthalate 571 

exposure estimates to index chemical equivalents using RPFs (Step 8), and then to combine 572 

exposures to estimate cumulative exposure (Step 9) and cumulative risk (Step 10). Because EPA is 573 

proposing to use an RPF approach (Section 4.3.3), exposure from individual phthalates for each 574 

exposure scenario will be scaled to the potency of an index chemical and expressed as index chemical 575 

equivalents (Step 8 in conceptual model), which will then be summed to estimate cumulative exposure 576 

for each exposure scenario (expressed as index chemical equivalents) (Step 9 in conceptual model). 577 

Cumulative risk may then be estimated using a margin of exposure (MOE) approach (Section 4.3.3) 578 

(Step 10 in conceptual model).  579 

 580 

EPA is soliciting comments from the SACC on charge questions and comments from the public for the 581 

SACC meeting scheduled on May 8ï11, 2023.  582 
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1 BACKGROUND  583 

In December 2019, the U.S. Environmental Protection Agency (EPA or the Agency) designated butyl 584 

benzyl phthalate (BBP, Chemical Abstracts Service Registry Number [CASRN] 85-68-7), dibutyl 585 

phthalate (DBP, CASRN 84-74-2), dicyclohexyl phthalate (DCHP, CASRN 84-61-7), di-ethylhexyl 586 

phthalate (DEHP, 117-81-7), and di-isobutyl phthalate (DIBP, CASRN 85-69-5) as high-priority 587 

substances for risk evaluation under the Toxic Substances Control Act (TSCA) (U.S. EPA, 2019b, c, d, 588 

e, f). Additionally, on May 24, 2019, EPA received requests from industry, pursuant to 40 CFR 702.37, 589 

to conduct risk evaluations for di-isodecyl phthalate (DIDP, CASRNs 26761-40-0 and 68515-49-1) 590 

(ACC HPP, 2019a) and di-isononyl phthalate (DINP, CASRNs 28553-12-0 and 68515-48-0) (ACC 591 

HPP, 2019b). The Agency determined that the requests met the applicable regulatory criteria and 592 

requirements, as prescribed under 40 CFR 702.37, and granted the manufacturer-requested risk 593 

evaluations for DIDP and DINP on December 2, 2019. As one of the first steps in the risk evaluation 594 

process, EPA published the final scope documents for BBP (U.S. EPA, 2020a), DBP (U.S. EPA, 595 

2020d), DCHP (U.S. EPA, 2020e), DEHP (U.S. EPA, 2020b), and DIBP (U.S. EPA, 2020c) in August 596 

2020, fulfilling TSCA requirements under TSCA section 6(b)(4)(D) and as described in 40 CFR 597 

702.41(c)(8). In August 2021, EPA published the final scope documents for DIDP (U.S. EPA, 2021b) 598 

and DINP (U.S. EPA, 2021c). 599 

 600 

During the public comment periods for the draft scope documents for the high-priority phthalates and 601 

phthalates subject to manufacturer-requested risk evaluation, EPA received comments from multiple 602 

stakeholders urging the Agency to assess phthalates for cumulative risk to human health.2,3 Recognizing 603 

that human exposure to phthalates is widespread and that multiple phthalates can disrupt development of 604 

the male reproductive system in laboratory animals at potentially human relevant doses, in 2007 EPA 605 

asked the National Research Council (NRC) of the National Academy of Sciences (NAS; now National 606 

Academies of Sciences, Engineering, and Medicine [NASEM]) to form a committee to review the health 607 

effects of phthalates and determine whether a cumulative risk assessment (CRA) of phthalates is 608 

appropriate. Additionally, EPA asked the NRC to provide recommendations on specific approaches that 609 

could be used to assess phthalates for cumulative risk. NRC published their findings and 610 

recommendations to EPA in a 2008 report Phthalates and Cumulative Risk Assessment: The Tasks 611 

Ahead (NRC, 2008). Ultimately, the NRC concluded that ñsufficient data are available to proceed with 612 

the cumulative risk assessment of phthalateséò [p. 10 of (NRC, 2008)].  613 

 614 

In 2010, and in response to the NRC recommendations, EPAôs Office of Research and Developmentôs 615 

Integrated Risk Information System (IRIS) Program convened a 2-day peer consultation workshop to 616 

discuss and evaluate the NRC recommendations. As summarized in the final workshop report (U.S. 617 

EPA, 2011), there was broad support by both expert panelists and stakeholders to continue developing a 618 

cumulative hazard assessment. 619 

 620 

Other regulatory agencies have assessed phthalates for cumulative risk since NRC published their 621 

recommendations (NRC, 2008)ðincluding the Chronic Hazard Advisory Panel (CHAP) of the U.S. 622 

 
2 For example, see comments submitted to the DEHP Docket (EPA-HQ-OPPT-2018-0433) received from the Environmental 

Defense Fund (EPA-HQ-OPPT-2018-0433-0033), Environmental Protection Network (EPA-HQ-OPPT-2018-0433-0028), 

Project TENDR (EPA-HQ-OPPT-2018-0433-0045); and University of California, San Francisco Program on Reproductive 

Health and the Environment (EPA-HQ-OPPT-2018-0433-0013). 
3 For example, see comments submitted to the DINP Docket (EPA-HQ-OPPT-2018-0436) received from University of 

California, San Francisco Program on Reproductive Health and the Environment (EPA-HQ-OPPT-2018-0436-0009); 

Environmental Protection Network (EPA-HQ-OPPT-2018-0436-0026); Earthjustice (EPA-HQ-OPPT-2018-0436-0028, 

EPA-HQ-OPPT-2018-0436-0033); and Defend Our Health, Black Women for Wellness, Alaska Community Action on 

Toxics and Breast Cancer Prevention Partners (EPA-HQ-OPPT-2018-0436-0042). 
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Consumer Product Safety Commission (U.S. CPSC, 2014); Environment and Climate Change Canada, 623 

Health Canada (ECCC/HC, 2020); the National Industrial Chemicals Notification and Assessment 624 

Scheme (NICNAS) of Australia (NICNAS, 2015a, 2014a, b, 2013, 2012); the European Food Safety 625 

Authority (EFSA, 2019), and the Danish EPA (ECHA, 2011). Although the phthalate CRAs conducted 626 

by these regulatory agencies vary in scope and regulatory purpose, they generally adhere to NRC 627 

recommendations (NRC, 2008). For example, the CRAs primarily focus on assessing phthalates based 628 

on their shared ability to disrupt development of the male reproductive system through a disruption of 629 

androgen action (i.e., cause phthalate syndrome), and have all relied upon an assumption of dose 630 

addition (see Appendices A.1 to A.5 for summaries of phthalate CRAs conducted by these agencies). 631 

1.1 What Is EPA Proposing in this Work? 632 

As required under section 6(b)(4) of TSCA, EPA issued a final rule, Procedures for Chemical Risk 633 

Evaluation Under the Amended Toxic Substances Control Act (82 FR 33726) (hereinafter ñRisk 634 

Evaluation Ruleò), in July 2017, which provides the procedural requirements for EPAôs risk evaluations, 635 

including for chemicals designated as High-Priority Substances and chemical substances subject to a 636 

Manufacturer-Requested Risk Evaluation. To date, EPAôs Office of Pollution Prevention and Toxics 637 

(OPPT) has focused risk evaluations on individual chemical substances, not the evaluation of multiple 638 

chemical substances for cumulative risk to human health. TSCA does not define cumulative risk nor 639 

explicitly require EPA to conduct CRAs. However, TSCA does require EPA, when conducting TSCA 640 

risk evaluations, to (1) consider the reasonably available information, (2) use the best available science, 641 

and (3) make decisions based on the weight of the scientific evidence [15 U.S.C. § 2625(h), (i), (k)]. 642 

EPA is also required to conduct the risk evaluations in consideration of potentially exposed or 643 

susceptible subpopulations (PESS) [15 U.S.C. § 2605(b)(4)] and, among other requirements at 15 U.S.C. 644 

Ä 2605(b)(4)(F), ñintegrate and assess available information on hazards and exposures for the conditions 645 

of use of the chemical substance, including information that is relevant to specific risks of injury...ò EPA 646 

recognizes that for some chemical substances undergoing risk evaluation, the best available science may 647 

indicate that the development of a CRA is appropriate to ensure that risks of injury to human health and 648 

the environment are adequately characterized. Although EPA is required to draft individual risk 649 

determinations for each individual phthalate risk evaluation, the phthalate CRA will not contain a risk 650 

determination. Instead, results from the CRA are anticipated to inform EPAôs individual phthalate risk 651 

determinations, pending completion of the CRA in parallel with individual phthalate risk evaluations. To 652 

support CRA of chemical substances undergoing TSCA section 6(b) risk evaluations, EPA has 653 

developed a document titled Draft Proposed Principles of Cumulative Risk Assessment under the Toxic 654 

Substances Control Act (hereafter referred to as Draft Proposed Principles of CRA under TSCA). EPAôs 655 

Draft Proposed Principles of CRA under TSCA document describes the proposed principles of CRA, 656 

which form the underpinning of EPAôs draft approach for CRA of high-priority and manufacturer-657 

requested phthalates. 658 

 659 

The Agency has reviewed the recommendations of the NRC (2008), comments received from 660 

stakeholders on the draft scope documents (see footnotes in Section 1), and CRAs conducted by other 661 

regulatory agencies (see Appendices A.1 to A.5). Based on this information, EPA believes the best 662 

available science indicates that several high-priority and manufacturer-requested phthalates should be 663 

assessed for cumulative risk to human health. 664 

 665 

As part of conducting a risk evaluation under TSCA section 6(b), EPA must ñdetermine whether a 666 

chemical substance presents unreasonable risk of injury to health . . . including an unreasonable risk to a 667 

potentially exposed or susceptible subpopulation [(PESS)] identified as relevant to the risk evaluation by 668 

[EPA] . . .ò [15 U.S.C. 2605(b)(4)(A)]. EPA has identified phthalate syndrome as a specific risk from a 669 

number of the phthalates undergoing risk evaluation. The Agency has also identified a number of PESS 670 
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that have a greater susceptibility to phthalate toxicityðincluding pregnant women/women of 671 

reproductive age, male infants, male toddlers, and male children (discussed in Section 5). Due to 672 

toxicological similarity, shared ability to elicit key markers of phthalate syndrome, and co-exposures to 673 

multiple phthalates to the aforementioned PESS (one of the factors laid out in Section 3.4 of the Draft 674 

Proposed Principles of CRA under TSCA), EPA is proposing that a subset of the phthalates undergoing 675 

risk evaluation represent a cumulative chemical group, and that a cumulative risk assessment is 676 

necessary to ensure that individual risk evaluations on the phthalates in the cumulative chemical group 677 

have considered the reasonably available information, are consistent with the best available science, and 678 

based on the weight of the scientific evidence (15 U.S.C. 2625(h), (i), & (k)). 679 

 680 

This draft document describes EPAôs proposed approach for evaluating the phthalates in the cumulative 681 

chemical group for cumulative risk to human health under TSCA. The phthalates included in OPPTôs 682 

proposed CRA are limited, at this time, to those undergoing risk evaluation under TSCA and are 683 

inclusive of the phthalates that have been most commonly considered for CRA by other agencies (see 684 

Appendix A). 685 

 686 

This document describes EPAôs draft proposed approach for assessing high-priority and manufacturer-687 

requested phthalates for cumulative risk to human health under TSCA based on the principles of CRA 688 

described in the Draft Proposed Principles of CRA under TSCA. The proposed approach described in 689 

this document follows many of the recommendations made by NRC (2008). Individual phthalate risk 690 

evaluations will consider exposures from a single phthalate and will include evaluation of all observed 691 

hazards, consideration of more age groups and lifestages, and assessment of aggregate exposures. In 692 

contrast, the scope and purpose of CRAs are more focused on the shared toxicological properties and 693 

relevant lifestages. In addition, cumulative exposure assessment is more complicated due to combining 694 

exposures across multiple phthalates. 695 

 696 

At the date of publication of this document, EPA has not yet completed all the expected systematic 697 

review or data quality evaluation for the individual high-priority and manufacturer-requested phthalates. 698 

Although this document is not reflective of complete systematic review, EPA has reviewed several key 699 

documents prepared by various authoritative bodies and regulatory agencies along with numerous 700 

studies and databases of toxicological and exposure information. As appropriate, EPAôs proposed 701 

approach may be revised based on any new information that is identified through the systematic review 702 

process. Some key documents used to develop this proposed approach include 703 

¶ Phthalates and Cumulative Risk Assessment: The Tasks Ahead (NRC, 2008)  704 

¶ Application of Systematic Review Methods in an Overall Strategy for Evaluating Low-Dose 705 

Toxicity from Endocrine Active Chemicals (NASEM, 2017) 706 

¶ Report to the U.S. Consumer Product Safety Commission by the Chronic Hazard Advisory 707 

Panel on Phthalates and Phthalate Alternatives (U.S. CPSC, 2014) and supporting toxicity 708 

reviews of DEHP (U.S. CPSC, 2010c), BBP (U.S. CPSC, 2010a), DBP (U.S. CPSC, 2010b), 709 

DIBP (U.S. CPSC, 2011), DCHP (U.S. CPSC, 2010e), DINP (U.S. CPSC, 2010f), and DIDP 710 

(U.S. CPSC, 2010d) 711 

¶ Screening Assessment, Phthalate Substance Grouping (ECCC/HC, 2020) and supporting reports 712 

(EC/HC, 2015a, b, c, e; Health Canada, 2015) 713 

¶ Existing Chemical Hazard Assessment Reports for DIBP (NICNAS, 2008b) and DEHP 714 

(NICNAS, 2008a) and Priority Existing Chemical Assessment Reports for BBP (NICNAS, 715 

2015a), DBP (NICNAS, 2013), DINP (NICNAS, 2012), DIDP (NICNAS, 2015b) 716 
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¶ Update of the risk assessment of di-butylphthalate (DBP), butyl-benzyl-phthalate (BBP), bis(2-717 

ethylhexyl)phthalate (DEHP), di-isononylphthalate (DINP) and diisodecylphthalate (DIDP) for 718 

use in food contact materials (EFSA, 2019) 719 

This draft document, along with the Draft Proposed Principles of CRA under TSCA, will be reviewed 720 

by the Science Advisory Committee on Chemicals (SACC) and receive public comments in 2023. EPA 721 

will use the peer review and public input to guide the subsequent development of the CRA for 722 

phthalates.  723 
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2 KEY CONCEPTS AND PROPOSED CONCEPTUAL MODEL  724 

Individual phthalate risk evaluations will consider exposures from a single phthalate and will include 725 

evaluation of all observed hazards, consideration of all age groups and lifestages, and assessment of 726 

aggregate exposures. In contrast, the scope and purpose of CRAs are more focused on the shared 727 

toxicological properties and relevant lifestages. In addition, cumulative exposure assessment is more 728 

complicated due to combining exposures across multiple phthalates. Therefore, EPA has provided some 729 

definitions to key concepts relevant to CRAs in Section 2.1 and developed a draft conceptual model 730 

described in Section 2.2 and shown in Figure 2-1 to outline its proposed approach for estimating 731 

cumulative risk to several of high-priority and manufacturer-requested phthalates. 732 

2.1 Key Concepts 733 

¶ Cumulative chemical group: A group of chemical substances included in a CRA. As discussed 734 

in EPAôs Draft Proposed Principles of CRA under TSCA, the cumulative chemical group is 735 

developed based on evidence of toxicologic similarity and co-exposure over a relevant 736 

timeframe. 737 

¶ Co-exposure: Characterizing co-exposure requires consideration of the source of chemical 738 

exposure, populations impacted by exposure, and the possible varying routes and pathways of 739 

exposure. Additionally, the magnitude, frequency, and duration of exposure to multiple chemical 740 

substances influence the potential for co-exposure to occur within a given period of time (e.g., 24 741 

hours, 1 year, a lifetime); where the magnitude of exposure is the level of exposure dictated by 742 

the physical and chemical properties of the chemical substance and exposure scenario, frequency 743 

is the number of exposure events over a given time, and duration is the length of exposure time 744 

per event (OECD, 2018; U.S. EPA, 2001). 745 

¶ Relevant timeframe of exposure: Timeframes in which exposure duration or frequency is 746 

relevant to effects of concern. This can include, but may not be limited to, exposure to multiple 747 

chemicals at the same time, exposure to persistent chemicals at different times that may 748 

bioaccumulate in the body or having persistent effects from exposure to multiple chemicals at 749 

different times. Relevant timeframes of exposure can vary by factors including, but not limited 750 

to, chemical properties, lifestages, or effect. Relevant timeframes of exposure for phthalates will 751 

be determined through the risk evaluation process. 752 

¶ Relative potency factor: A numerical quantity used to scale the dose of one chemical to an 753 

equitoxic dose of another chemical based on differences in potencies. The latter chemical is 754 

typically termed the ñindex chemicalò and is usually the chemical in the cumulative chemical 755 

group with the most robust toxicological database and/or is considered to be the most 756 

representative of the type of toxicity caused by other chemicals in the cumulative chemical group 757 

(U.S. EPA, 2000). 758 

¶ Scenario-based evaluation:4 Estimates that use available information on concentrations of 759 

chemicals in the exposure medium, and information about when, where, and how individuals 760 

might contact the exposure mediumðactivities that can lead to transfer of the agent from the 761 

exposure medium to the individual. Approach develops specific exposure scenarios and then 762 

uses data, a series of exposure factors, and models to estimate exposure within the scenario (U.S. 763 

EPA, 2019a).  764 

 
4 Referred to as indirect estimation in EPAôs Guidelines for Human Exposure Assessment (U.S. EPA, 2019a). 
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¶ Reverse dosimetry: Estimates chemical intake using empirical biomonitoring data and 765 

information about chemical absorption, distribution, metabolism, and excretion rates (U.S. EPA, 766 

2019a).  767 

¶ TSCA COU exposure:5 Exposure that can be attributed to a specific TSCA COU (e.g., 768 

inhalation exposure during consumer use of an adhesive). Note that exposure scenarios for 769 

TSCA COUs will be completed in individual phthalate risk evaluations and evaluated for 770 

different populations such as consumers, workers, and general population.  771 

¶ Non-attributable exposure: Exposure from pathways that cannot be attributed to a specific 772 

TSCA COU or another specific source. Household dust or human milk are a few examples in 773 

which phthalate concentrations measured in those media may result from multiple sources of 774 

phthalates that may nor may not be attributed to a TSCA COU or another specific source. 775 

¶ Non-TSCA exposure:6 Exposure that can be attributed to specific activities that are excluded 776 

from the TSCA definition of ñchemical substance,ò under TSCA section 3(2), such as a 777 

pesticide, food, food additive, drug, cosmetic, or medical device. 778 

2.2 Proposed Conceptual Model  779 

EPA has developed a conceptual model to outline its proposed approach for estimating cumulative risk 780 

to several of the high-priority and manufacturer-requested phthalates. EPAôs draft conceptual model, 781 

which is shown in Figure 2-1, outlines 10 proposed steps for conducting a phthalate CRA under TSCA 782 

using a scenario-based approach. The conceptual model provides illustrative steps that may not be 783 

inclusive of all details, such as all populations or all pathways of exposure, to be considered in an actual 784 

cumulative assessment. The remainder of this document is structured around this draft conceptual 785 

model. Some steps are described in greater detail in the document while others require risk evaluation 786 

work to be conducted to be developed further. 787 

 788 

The steps included in the conceptual model are provided below: 789 

¶ Step 1. Identifying the Cumulative Chemical Group: Identified based on a shared ability to 790 

elicit key markers of phthalate syndrome and evidence of human co-exposure. EPAôs proposed 791 

cumulative chemical group includes DEHP, BBP, DBP, DIBP, DCHP, and DINP (Section 3.3). 792 

¶ Step 2. Populations: EPA will conduct consumer, occupational, and general population (e.g., 793 

fenceline) exposure assessments for each individual phthalate. The key human populations 794 

considered in these exposure assessments include consumers, workers, and the general 795 

population. Within these groups, there are PESS with increased susceptibility to the 796 

developmental and reproductive effects associated with phthalate syndrome, including pregnant 797 

women/women of reproductive age, male infants, male toddlers, and male children (described 798 

further in Section 5). 799 

 
5 Condition of use (COU) (40 CFR Ä 702.33): ñmeans the circumstances, as determined by the Administrator, under which a 

chemical substance is intended, known, or reasonably foreseen to be manufactured, processed, distributed in commerce, used, 

or disposed of.ò 
6 TSCA section 3(2) also excludes from the definition of ñchemical substanceò ñany food, food additive, drug, cosmetic, or 

device (as such terms are defined in section 201 of the Federal Food, Drug, and Cosmetic Act [21 U.S.C. 321]) when 

manufactured, processed, or distributed in commerce for use as a food, food additive, drug, cosmetic, or deviceò as well as 

ñany pesticide (as defined in the Federal Insecticide, Fungicide, and Rodenticide Act [7 U.S.C. 136 et seq.]) when 

manufactured, processed, or distributed in commerce for use as a pesticide.ò Section 2.2.2 of each final scope document for 

BBP (U.S. EPA, 2020a), DBP (U.S. EPA, 2020d), DCHP (U.S. EPA, 2020e), DEHP (U.S. EPA, 2020b), DIBP (U.S. EPA, 

2020c), and DINP (U.S. EPA, 2021c) outline the uses of each phthalate that EPA has determined to be non-TSCA uses. 
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¶ Step 3. Identify TSCA COUs and Other Sources of Exposure: After gathering the specific 800 

COUs for each phthalate from their individual risk evaluation scope documents, the cross-801 

chemical comparisons are used to establish the COUs likely to result in co-exposure to multiple 802 

phthalates under TSCA (Section 6.2.1). Other sources of exposure that are not considered TSCA 803 

COUs may also be identified as major sources of exposure for the identified populations through 804 

a review of the literature.  805 

¶ Step 4. Exposure Scenario-Building for Individual Phthalates for TSCA COUs: For TSCA 806 

COUs and populations, specific routes of exposure and pathways for each exposure source are 807 

identified. Exposure scenarios for individual TSCA COUs and estimates of exposure will be 808 

completed in the individual risk evaluations. Determinations on the likelihood of co-exposure to 809 

multiple phthalates in multiple TSCA COUs or multiple phthalates in a single TSCA COU will 810 

be completed in Step 7 of the conceptual model for consumers (Section 6.4.1), workers (6.4.2), 811 

and the general population, specifically fenceline communities (Section 6.4.3). 812 

¶ Step 5. Exposure Scenario-Building for Individual Phthalates for Non -Attributable and 813 

Non-TSCA Sources: For identified sources of exposure (non-attributable or non-TSCA) and 814 

populations, specific routes of exposure and pathways for each exposure source are considered. 815 

Exposure scenarios are considered for major sources of exposure and exposure is estimated for 816 

the various pathways of exposure. Scenario-building to estimate non-attributable and non-TSCA 817 

exposures is discussed in Section 6.3.2.1. 818 

¶ Steps 6 to 9. Determining Cumulative Exposure Estimates: Cumulative exposure potentially 819 

assessed under TSCA may be estimated by combining exposures from major exposure pathways 820 

from TSCA COUs, non-attributable, and non-TSCA sources that may lead to co-exposure over a 821 

relevant timeframe, which can mean exposure to multiple chemicals at the same time, exposure 822 

to persistent chemicals at different times that may bioaccumulate in the body, or having 823 

persistent effects from exposure to multiple chemicals at different times. This process involves: 824 

o Step 6. Identifying Major Pathways of Exposure: Determining the major pathways of 825 

exposure from TSCA COUs (completed in individual risk evaluations), non-attributable, 826 

and non-TSCA sources for each phthalate. Different pathways of exposure may be 827 

relevant for different populations and for different phthalates. For example, the human 828 

milk and formula-fed pathways are most relevant for infant scenario-building, while 829 

mouthing may be most relevant to infants and toddlers. Major pathways of exposure for 830 

individual phthalates may be combined at this step to estimate aggregate exposure. 831 

o Step 7. Determining Co-exposure: Determining likelihood of co-exposure across TSCA 832 

COUs, non-attributable sources, and non-TSCA sources for the various phthalates. 833 

Estimating the exposure associated with the consumer (Section 6.4.1), occupational 834 

(Section 6.4.2), and general population (fenceline) (Section 6.4.3) TSCA COU exposures 835 

and adding these exposures across COUs and across phthalates if reasonable. 836 

Determining reasonable cumulative exposure scenarios may involve considering the 837 

likelihood of co-exposure, the possibility of double counting, and of over- or under-838 

estimating exposures 839 

o Step 8. Convert Exposures to Index Chemical Equivalents: Because EPA is proposing 840 

to use an RPF approach (Section 4.3.3), phthalate exposure from each individual 841 

phthalate will be scaled to the potency of an index chemical and expressed in units of 842 

index chemical equivalents.  843 

o Step 9. Estimating Cumulative Exposure: Combining the TSCA COU or release 844 

cumulative exposure, the relevant non-attributable TSCA cumulative exposure, and the 845 
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non-TSCA cumulative exposure to estimate cumulative exposure in a reasonable manner 846 

for consumer (Section 6.4.1), occupational (Section 6.4.2), and general population 847 

(Section 6.4.3). 848 

¶ Step 10. Estimate Cumulative Risk: To estimate cumulative risk for each specific exposure 849 

scenario, an MOE (ratio of index chemical point of departure [POD] to cumulative exposure 850 

estimate expressed in index chemical equivalents [Step 9]) is calculated for comparison to the 851 

benchmark MOE (i.e., the total uncertainty factor associated with the assessment) (Section 852 

4.3.2). The lower the MOE (margin between the toxicity effect level and the exposure dose), the 853 

more likely a chemical is to pose a risk.854 
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 855 
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 856 

 857 

Figure 2-1. Cumulative Risk Assessment Conceptual Model858 
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3 CONSIDERATIONS FOR GROUPING PHTHALATES FOR CRA : 859 

STEP 1 IN CONCEPTUAL MODEL (Figure 2-1) 860 

As described in EPAôs Draft Proposed Principles of CRA under TSCA, there are two primary 861 

considerations for grouping chemicals for inclusion in a CRA, including (1) toxicologic similarity, and 862 

(2) evidence of co-exposure over a relevant timeframe. Figure 3-1 presents a decision tree for 863 

determining which of the high-priority (DEHP, BBP, DBP, DIBP, DCHP) and manufacturer-requested 864 

(DINP, DIDP) phthalates currently undergoing risk evaluation to group for CRA. The establishment of 865 

cumulative chemical group(s) for purposes of CRA is developed using a weight of evidence narrative 866 

that clearly characterizes the strengths and uncertainties of the evidence of toxicological similarity and 867 

potential co-exposure for each chemical considered. Evidence supporting the toxicologic similarity of 868 

the high-priority and manufacturer-requested phthalates is discussed in Section 3.1, evidence 869 

demonstrating co-exposure of humans to the high-priority and manufacturer-requested phthalates is 870 

discussed in Section 3.2, and EPAôs proposed chemical substance grouping for CRA is summarized in 871 

Section 3.3. 872 

 873 

Figure 3-1. Decision Tree for Grouping Phthalates for CRA 874 
Adapted from (EC/HC, 2015a). 875 

3.1 Evidence of Toxicologic Similarity 876 

As described in EPAôs Draft Proposed Principles of CRA under TSCA, evidence for toxicological 877 

similarity exists along a continuum and includes (from most to least informative/restrictive): 878 
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¶ identical toxicodynamics (i.e., same mode of action [MOA]) (same molecular initiating event 879 

[MIE], downstream key events, and apical outcome)); 880 

¶ similar toxicodynamics (e.g., similar MOA [different MIE, convergent toxicodynamic pathways 881 

leading to a common downstream effect, and same apical outcome]); 882 

¶ shared syndrome; 883 

¶ shared apical outcome (MIE and other key events unknown); 884 

¶ effect on the same target organ; 885 

¶ structural similarity; and 886 

¶ similarly shaped dose-response curves in comparable toxicity studies.  887 

In considering which chemicals to include in a CRA, the NRC (2008) concluded that ñéthe effects that 888 

make up the androgen-insufficiency syndromeò should be included regardless of mechanism of action or 889 

chemical structure. In part, NRCôs recommendation was based on the availability of in vivo mixture 890 

studies of phthalates and other antiandrogens with mixed MOAs that provide empirical evidence 891 

demonstrating the applicability of dose additive models (NRC, 2008). However, NRC also emphasized 892 

that mechanism of action data is still desirable for defining critical pathways, determining human 893 

relevance of observed effects, and reducing uncertainty in risk estimates. 894 

 895 

Although NRC (2008) focused on the antiandrogenic effects of phthalates, the committee acknowledged 896 

that other health effects of phthalates may also be important. For example, liver toxicity, female 897 

reproductive toxicity, and neurodevelopmental outcomes have also been observed following exposure to 898 

some phthalates (as discussed in (ATSDR, 2022; EFSA, 2019; U.S. CPSC, 2014)). Further, stakeholders 899 

have urged EPA to consider assessing phthalates for cumulative risk based on not just their 900 

antiandrogenic effects on the male reproductive system, but also on the growing epidemiologic evidence 901 

of adverse neurodevelopmental outcomes (see Project TENDR and EarthJustice comments cited in 902 

footnotes in Section 1). EPA will consider these and the other health effects of phthalates as part of the 903 

individual phthalate risk evaluations. However, for these health effects, data appear more limited across 904 

the high-priority and manufacturer-requested phthalates and effects tend to occur at higher doses than 905 

observed for antiandrogenic effects. For example, with the potential exceptions of DIDP and DINP, 906 

recent phthalate risk assessments have concluded that the developing male reproductive system is more 907 

sensitive than the liver for most phthalate diesters (EFSA, 2019). This is further supported by a recent 908 

systematic review of DIBP animal toxicology studies conducted by EPA researchers in the Center for 909 

Public Health and Environmental Assessment (CPHEA), who found only slight evidence for female 910 

reproductive toxicity and liver toxicity but robust evidence for DIBP-induced male reproductive toxicity 911 

(i.e., phthalate syndrome) (Yost et al., 2019). Additionally, the Agency for Toxic Substances and 912 

Disease Registry (ATSDR) recently identified neurodevelopmental effects in rodent models as a 913 

sensitive outcome following acute developmental exposures to DEHP (ATSDR, 2022). However, 914 

ATSDR also identified inconsistencies in the toxicological database and refrained from using this health 915 

outcome as the basis of a minimal risk level due to uncertainty in the database (see Appendix A [p. A-9] 916 

of (ATSDR, 2022) for further details).  917 

 918 

Additionally, EPA CPHEA researchers recently conducted a systematic review and meta-analysis of 919 

epidemiologic studies of five phthalates (i.e., DEHP, DINP, DBP, DIBP, BBP), which are also 920 

undergoing TSCA risk evaluation, and concluded that there is limited evidence supporting an 921 

association between prenatal phthalate exposure and neurodevelopmental outcomes such as cognition, 922 

motor effects, behavior (e.g., attention-deficit/hyperactivity disorder [ADHD]), infant behavior, and 923 

social behavior (e.g., autism spectrum disorder) (Radke et al., 2020). 924 

 925 
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Given the limitations and uncertainties discussed above, EPA believes that the most robust reasonably 926 

available dataset to support conducting a human health CRA is based on phthalate syndrome. Other 927 

health effects of the high-priority and manufacturer-requested phthalates will be evaluated as part of the 928 

individual phthalate risk evaluations. Following completion of systematic review for the individual 929 

phthalates, EPA may consider whether any new information would change this conclusion. Notably, 930 

EPAôs proposal to focus on the shared ability of phthalates to disrupt androgen action and cause a 931 

common syndrome (i.e., phthalate syndrome) is consistent with the recommendations of the NRC (2008) 932 

and with how other regulatory agencies (i.e., U.S. CPSC, Australia NICNAS, EFSA, Danish EPA, and 933 

Health Canada) have evaluated phthalates for cumulative risk to human health (see Appendix A). 934 

The remainder of Section 3.1 is organized as follows:  935 

¶ Section 3.1.1, Phthalate Syndrome Mode of Action (MOA), provides a summary of the current 936 

state of the science regarding the proposed MOA for phthalate syndrome.  937 

¶ Section 3.1.2, Key Outcomes for Grouping High-Priority and Manufacturer-Requested 938 

Phthalates for CRA, provides a description of the key outcomes assessed by EPA to support the 939 

proposed cumulative chemical group for CRA. 940 

¶ Section 3.1.3, Key Outcomes Data, provides a summary of data available for each of the high-941 

priority and manufacturer-requested phthalates underlying the key outcomes that EPA is 942 

evaluating to support the proposed cumulative chemical group for CRA. 943 

¶ Section 3.1.4, Phthalate Syndrome in Humans, provides a summary of mechanistic explant and 944 

xenograft studies investigating phthalate syndrome in human fetal testis tissue and outlines 945 

several recent systematic reviews of human epidemiologic studies examining effects on the male 946 

reproductive system. 947 

¶ Section 3.1.5, Species Differences in Sensitivity, provides a summary of differences in species 948 

sensitivity to phthalate-induced male reproductive toxicity. 949 

¶ Section 3.1.6, Data Integration and Weight of Evidence Analysis, provides EPAôs weight of 950 

evidence narrative to support development of a cumulative chemical group for CRA. 951 

¶ Section 3.1.7, Proposed Conclusions on Toxicologic Similarity, summarizes EPAôs proposed 952 

conclusions on the toxicological similarity of the high-priority and manufacturer-requested 953 

phthalates. 954 

 Phthalate Syndrome Mode of Action (MOA) 955 

As can be seen from Figure 3-2, DEHP, DBP, BBP, DIBP, DCHP, DINP, and DIDP are structurally-956 

related ortho phthalate diesters with varying length linear or branched alkyl or aryl ester chains. 957 

Gestational and/or postnatal exposure to certain structurally-related phthalates can lead to a spectrum of 958 

effects on the developing male reproductive system, known as phthalate syndrome. Phthalate syndrome 959 

is characterized by both androgen-dependent and -independent effects on the male reproductive system. 960 

The MOA for rat phthalate syndrome has been discussed by various organizations (NASEM, 2017; 961 

NRC, 2008), regulatory agencies (Health Canada, 2015; U.S. CPSC, 2014), and other research groups 962 

(Gray et al., 2021; Arzuaga et al., 2020; Howdeshell et al., 2017). To date, the MOA underlying 963 

phthalate syndrome has not been fully established; however, key cellular-, organ-, and organism-level 964 

effects are generally understood (Figure 3-3). Nevertheless, the molecular events preceding cellular 965 

changes remain unknown. Although androgen receptor antagonism and peroxisome proliferator-966 

activated receptor alpha activation have been hypothesized to play a role, studies have generally ruled 967 

out the involvement of these receptors (Foster, 2005; Foster et al., 2001; Parks et al., 2000). 968 
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 969 
Figure 3-2. Chemical Structures of Phthalates Being Evaluated under TSCA 970 
Representative structures are shown for DIDP and DINP, which are isomeric mixtures with branched ester carbon 971 
backbones varying in length (discussed further in Section 3.1.2.1). 972 
 973 
Studies have demonstrated that gestational exposure to certain phthalate diesters, and their subsequent 974 

hydrolysis to monoester metabolites, which occur during a critical window of development (i.e., the 975 

masculinization programming window) can lead to antiandrogenic effects on the developing male 976 

reproductive system (NRC, 2008). In rats, the masculinization programming window in which androgen 977 

action drives development of the male reproductive system occurs between days 15.5 to 18.5 of 978 

gestation, while the mouse critical window corresponds to gestational days 14 to 16, and the human 979 

masculinization programming window is between gestational weeks 8 to 14 (MacLeod et al., 2010; 980 

Welsh et al., 2008; Carruthers and Foster, 2005). 981 

 982 

In vivo pharmacokinetic studies with rats have demonstrated that the monoester metabolites of DEHP, 983 

DBP, BBP, and DINP can cross the placenta and be delivered to the target tissue, the fetal testes 984 

(Clewell et al., 2013a; Clewell et al., 2010). In utero phthalate exposure can affect both Leydig and 985 

Sertoli cell function in the fetal testes. Histologic effects observed following phthalate exposure include 986 

Leydig cell aggregation and/or altered tissue distribution, as well as reductions in Leydig cell numbers. 987 

Functional effects on Leydig cells have also been reported. Leydig cells are responsible for producing 988 

hormones required for proper development of the male reproductive system, including insulin-like 989 

growth factor 3 (INSL3), testosterone, and dihydrotestosterone (DHT) (Scott et al., 2009). Phthalate 990 

exposure during the critical window reduces mRNA and/or protein levels of INSL3, as well as genes 991 

involved in steroidogenesis, sterol synthesis, and steroid and sterol transport (Figure 3-3) (Gray et al., 992 

2021; Hannas et al., 2012). 993 

 994 

Gene array experiments have demonstrated that phthalates known to disrupt testicular testosterone 995 

production alter a distinct cluster of genes (Gray et al., 2021). Key genes in this cluster are depicted in 996 

Figure 3-3 and include reductions in mRNA for proteins involved in steroid hormone and sterol 997 

transport (Scarb1, StAR); testis steroid hormone biosynthesis (Cyp11A1, Hsd3b, Cyp17A1, Dhcr7); 998 

testicular testosterone and peptide hormone INSL3 syntheses (Insl3); pituitary stimulation of Leydig cell 999 

testosterone synthesis (Lhcgr); testis development (Inha); and mRNA for enzymes involved in adrenal 1000 

hormone synthesis (e.g., Cyp11b1, Cyp11b2). Decreased steroidogenic mRNA expression leads to 1001 

decreased fetal testicular testosterone production, as well as reductions in DHT levels, which is 1002 
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produced from testosterone by 5Ŭ-reductase in the peripheral tissues. Because DHT is required for 1003 

growth and differentiation of the perineum and for normal apoptosis of nipple anlage in male rats, 1004 

reduced DHT levels can lead to phenotypic changes (i.e., nipple/areolae retention [NR] and reduced 1005 

anogenital distance [AGD] in males) indicative of reduced Leydig cell function and androgen action. 1006 

 1007 

Figure 3-3. Hypothesized Phthalate Syndrome Mode of Action Following Gestational Exposure 1008 
Figure adapted from (Conley et al., 2021; Gray et al., 2021; Schwartz et al., 2021; Howdeshell et al., 2017).  1009 
AR = androgen receptor; INSL3 = insulin-like growth factor 3; MNG = multinucleated gonocyte; PPARŬ = 1010 
peroxisome proliferator-activated receptor alpha. 1011 
 1012 

Gestational exposure to certain phthalate diesters can also affect Sertoli cell function, development, and 1013 

interactions with germ cells contributing to seminiferous tubule degeneration (Boekelheide et al., 2009). 1014 

Immature Sertoli cells secrete Anti-Müllerian hormone and play an essential role in gonadal 1015 

development (Lucas-Herald and Mitchell, 2022). Reported Sertoli cell effects include decreased Sertoli 1016 

cell numbers, changes in mRNA and/or protein levels of genes involved in Sertoli cell function, and 1017 

altered cellular development and Sertoli-germ cell interactions. Because proper Sertoli cell function is 1018 

necessary for germ cell proliferation and development, altered Sertoli cell function can contribute to 1019 

increased germ cell death, decreased germ cell numbers, and increased formation of multinucleated 1020 

gonocytes (MNGs) (Arzuaga et al., 2020). 1021 

 1022 

At the organ level, a disruption of androgen action can lead to reduced testes and accessory sex gland 1023 

(e.g., epididymis, seminal vesicle [SV], prostate, etc.) weight; agenesis of accessory organs; delayed 1024 

preputial separation (PPS); testicular pathology (e.g., interstitial cell hyperplasia); and severe 1025 

reproductive tract malformations such as hypospadias. INSL3 is crucial for gubernacular cord 1026 

development and the initial transabdominal descent of the testes to the inguinal region (Adham et al., 1027 

2000), while androgen action is required for the inguinoscrotal phase of testicular descent. Thus, 1028 

reduced INSL3 and testosterone levels following gestational phthalate exposure can prevent 1029 

gubernaculum development and testicular descent into the scrotum. Collectively, these effects can lead 1030 
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